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Preface

Over the past few years, the use of aircraft in what can be termed long range and/or long endurance operations has proved to be a
successful use of military resources. Operations such as tactical strikes mounted from bases thousands of miles away, to the use
of long endurance patrol aircraft over either the battlefield or the maritime environment demonstrate the ability now contained
in the NATO operational forces. The use of military airlift to position forces where they are most needed clearly is another
operation where the range and endurance of the aircraft are pivotal to the success of the operation.

Technologies which improve the range and endurance of aircraft have seen considerable advances over the past ten years.
Aircraft design for these features has matured considerably while the procedure of air-to-air refuelling has made global
deployment and 24+ hour operations a reality. While not generally perceived as long range aircraft, the possible range and
endurance of fighters (both subsonically and supersonically), V/STOL aircraft and even rotorcraft have improved considerably
over the last generation of vehicle design.

With the current requirements to fly farther and longer, this Symposium was conceived to summarize the latest technological
advances in the various fields which in a combined manner define the range and endurance of airborne vehicles. The
Symposium was divided into four specific elements:

"* airframe design technologies, including aerodynamics and structures,
"* propulsion technology,
"* the human factors problems associated with these types of missions and,
" air-to-air refuelling technologies and procedures.

The Symposium was opened by two Keynote Addresses, the first by M.Gen Breeschoten of the Royal Netherlands Airforce
which described a military perspective on long range and long endurance operations, and the second by Burt Rutan of Scaled
Composites Inc. which described the variety of technological and human challenges involved in the record breaking flight
around the world of the Voyager aircraft.

Preface

Au cours des derniires ann6es, le d6ploiement de l'aviation pour des missions dites ý longue distance et/ou de longue dur6e a 6tc
une r6ussite du point de vue de l'utilisation de ressources militaires. Des operations telles que les frappes tactiques lancees a
partir de bases 61oign6es de milliers de kilometres de la zone de l'objectif, ou le d6ploiement d'avions patrouilleurs a longue
distance soit au dessus du champ de bataille, soit en milieu maritime, montrent les capacit6s actuelles des forces op6rationnelles
de l'OTAN. L'emploi du pont a6rien militaire pour positionner les forces de fa~on optimale fourni un autre exemple d'une
op6ration o6 l'autonomie et ]'endurance de I'a6ronef sont cardinales pour la r6ussite de la mission.

Les technologies susceptibles d'apporter une am6lioration du rayon d'action et de 1'endurance ont progressd consid~rablement
au cours de la dernibre d6cennie. La conception des avions dans ce domaine a connu un diveloppement significatif, tandis que la
technique du ravitaillement en vol a permis le d6ploiement global vingt quatre heures sur vingt quatre. Bien que
traditionnellement, ils ne soient pas consid6r6s comme des avions a grand rayon d'action, la distance franchissable et
l'endurance des avions de combat (tant en subsonique qu'en supersonique), des avions V/STOL et mime des a6ronefs A voilure
tournante se sont am6lior6s au cours de la derni~re g6niration.

Pour tenir compte de ]a tendance actuelle d'aller plus loin, et plus longtemps, ce symposium a 6t6 organis6 pour faire le point des
derni•res avanc6es technologiques r6alis6es dans les diffirents domaines et qui, combinies, concourent A d6finir le rayon
d'action et l'endurance des vihicules aeriens. II compte quatre parties:

"* les technologies entrant dans la conception de la cellule, y compris I'airodynamique et les structures
"* les technologies de propulsion
"* les problimes associis au facteur humain dans ce type de mission
"* les technologies et les procedures du ravitaillement en vol.

Deux allocutions ont W prononcies en ouverture du symposium. La premiere, qui a &6 donn6e par M.Gen. Brecschoten du
Royal Netherlands Airforce, a portt sur lea perspectives d'avenir pour les op6rations A longue distance et de longue duree, et la
seconde, par Burt Rutan de Scaled Composites Inc. a fourni Ia description des diffirents difis, humains et technologiques,
pr6sentis par le vol record de circonscription du globe effectui par raironef Voyager.

iii
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TECHNICAL EVALUATION REPORT

by

F. MARY
23, Rue de la Croix du Val

F-92190 MEUDON
FRANCE

1. SUMMARY 3. INTRODUCTION

This report reviews the lectures presented at the The 82nd Symposium of the AGARD Flight
82nd Flight Mechanics Panel Symposium on Mechanics Panel was held in the Hague, the
"Recent Advances in Long Range and Long En- Netherlands, from the 24th to the 27th of May
durance Operation of Aircraft". The purpose is 1993. More than 100 participants were regis-
to analyse the various papers and try to make a tered, representing 12 of the 16 NATO Nations.
synthesis of the subject, setting it in the scope
of the present World aeronautical as well as po- The goal of this symposium was to review the
litical and economical environment Though the various means available to extend the range or
initial prospect was a military one, in the frame endurance of aircraft in all categories and to
of AGARD and for the benefit of the NATO induce progress by discussion between the
Forces, civil transport and scientific applications various parties involved.
have also been taken into consideration. An Insufficient range of various categories of Wes-
attempt is made to propose some recommen- tern military aircraft was evidenced in such con-
clnýy:,s for the f't-urc activitics of the P-.nel. flicts as Tchad, Falklands, etc. This prompted

the writing of the Pilot Paper n* 195, the validity
2. BACKGROUND of which was eagerly confirmed by the Gulf

War. Therefore the initial purpose of this Pilot
Technologies and techniques which contribute Paper was essentially military, but the subject
to improve the range and endurance of aircraft turned out to be of interest for the civil transport
have considerably progressed over the last ten anod soietijfi communities as well. which con-
years. However, very little was devoted to this siderably extended the scope of the papers
topic in the past of the Panel, even in such presented at the Symposium.
symposia as "Improvement of Combat As suggested by the Pilot Paper, the contribu-
Performance for Existing and Future Aircraft" tion of other Panels was requested; papers were
(April 1986) and "Progress in Military Airlift" presented by the Structures and Materials Panel
(May 1990). (SMP), the Fluid Dynamics Panel (FDP), the
But the changes in Eastern Europe and the Propulsion and Energetics Panel (PEP) and the
evolution in the World political situation resul- Aerospace Me( .- Panel (AMP).
ted in a new challenge for the NATO Forces: in The symposium comprised 2 keynote addresses
place of a well identified threat to which a and 26 papers, broken down into four sessions:
strategy had been tailored for years, they have
now to get prepared for types of conflicts not SESSION ONE. AIRFRAME DESIGN FOR
well defined, neither in form nor in location. LONG RANGE AND ENDURANCE.
Happening at a moment when the World Eco-
nomy slowdown imposes drastic reductions in SESSION TWO. PROPULSION SYSTEM
military expenses, this means that the existing CONCERNS FOR LONG RANGE AND
(or even reduced) military frccr, must be used ENDURAA'CE OPERATIONS.
as efficiently as possible. An extended range is
among the ways to improve this efficiency. It SESSION THREE. THE HUMAN FACTORS
was the motivation of the Pilot Paper n* 195 (a SIDE OF THE PROBLEM.
summary of which is appended to this report),
proposed to the Panel and eventually imple- SESSION FOUR. AIR TO AIR REFUEL-
mented in this symposium. LING.

Technical Evaluation Report on Flight Mechanics Panel Symposium on 'Recent Advances in Long Range and Long Endurance
Operation of Aircraft, May 1993.
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It is not attempted to make abstracts of the military side. His views on the changes in the
papers themselves, but the questions and dis- World political and economical situation, and
cussions related to the subjects are summarized, their consequences on the NATO strategy were

based on firsthand information. The main
4. HIGHLIGHTS feature of future likely conflicts is to have no

specific features, in terms of opponent, type of
From the evaluator's stand point and due to the threat and location. Under these conditions,
interest they raised at the Symposium, the defining, preparing and organizing forces is
following lectures are considered outstanding difficult. One thing is certain: the importance of
and recommanded to the time-limited reader: long distance intervention. As an example, in

the Gulf War, some operations were impaired
- Second keynote address from Burt Rutan (if by the limited number of tankers. In addition,
paper is available in the Proceedings) for the the Defense budgets in the NATO Countries
mix of professional experience and pioneering have lost their priorities and are shrinking. The
spirit shown in the "Voyager" project lecturer electcd to draw, from these conditions,

tentative general specifications for the future
- Paper 5 for the comprehensive review of the NATO aircraft of all types, pointing out, among
present status and perspectives in the airlift area, others, the particular aspects concerned with
including Eastern programmes. long range or long endurance.

- Paper 6 showing how to reduce dramatically With the second Speaker, this was a completely
the production costs of the weight-saving corn- different picture. The earnest military realities
posite structures, thus allowing to carry a higher were forgotten. A pioneering spirit, of the
fuel load. eighties vintage, allied to a first class scientific

and technological knowledge resulted in the
- Paper 7 showing how to reduce drag by natu- design and building of a wonderful and fragile
ral and artificial boundary layer control. aircraft that flew round the World non stop.

Humour was always present in the presentation
- Papers 11 and 13, showing, each in their of this story, which did not prevent Burt Rutan
domains, that in the very competitive civil emphasizing how -very technical choice was
transport area, every detail improvement is "long range minded"; and reading the paper
worth being considered to reduce drag or fuel shows that the technical conflicts were many,
consumption. including the human factor aspects of the pilots'

accomodation.
- The whole Session three (Papers 15 to 18) for A film presented the main phases of the aircraft
its outstanding presentation of the importance of building and of the flight tests. But the most
human factors in long dilration flights and of impressive part was the take off for the record
means to reduce their effects on the crews. flight, when tne tuel overloaded wing scraped

its tips on the runway for many hundred feet
- Papers 21, 23, and 24, for a review of the before leaving the ground and eventually lost
status and prospects in Air Refuelling. both winglets at the beginning of the flight. The

film showed that the risk of failure was not zero
5. TECHNICAL PROGRAMME but one understand that the safety margin asses-

sed was not that bad.
5.1 Keynote addresses As a conclusion, the Speaker indicated that what

could appear as a mere technical challenge and a
To introduce the symposium, two very different sport feat would have more positive fall out (the
lectures were provided, the first one considering Raptor project was mentioned). Of course,
the military aircraft in the present World political many of the technical solutions should be
perspective and the second one telling of a adapted or redesigned, for safety and reliability
"Round the World" record flight. The interest reasons, but the dedicated spirit of simplicity
that buoh Speakers raised in the floor set up the and invention will still be here.
spirit of the symposium.

5.2 Airframe Design for Long Range
With his long experience as a military and test and Endurance
pilot as well as due to his present position of
Head of Operations at the Royal Netherlands This first session comprises 10 papers, spread
Air Force Head-QuarterR, the first Speaker was over one and a half day. It is therefore divided
well qualified to introduce the subject on the into two subsessions which do not differ
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technically. It is a mix of analyses, overviews, sion, temperature control, etc) and of the spe-
technological developments and programme cific airworthiness requirements (sonic boom,
descriptions, which reflect the multiple facets of NOx, noise in the airport areas, etc) is illus-
the subject, depending on the areas concerned: trated with the "Alliance" project. One may only
civil transport, military aircraft, unman-ned air regret that this paper was not presented, in a
vehicle (UAV), research aircraft, etc. synthetic perspective, as a "struggle for range".

In Paper 1, the subject is not very different from Paper 4 deals again with another comer. surface
the second keynote's one, but it is treated in a effect. Preliminary aerodynamic studies, infor-
more conventional manner and for a UAV. It is mation from Russia and flight experience on
still a paper project whose parametric study is several aircraft converge: surface effect at high
cost oriented. A lot of various missions, civil speed reduces drag and smoothes ride.
and military, are planned for this vehicle, the From these findings, the Author devises a va-
size and shape of which results from the need to riety of large military vehicles capable of a wide
carry an ADI radar antenna. The choice of a range of spetd and altitude and even of being
four engine configuration could be explained by operated from the water. These vehicles could
the availability of relevant powerplants and the fly very long routes, partly at high altitude,
ability to operate at low weight on two engines, partly in the surface effect. Curiously enough,
Concern appeared in questions from the floor no mention is made of the powerplant that could
about the uncommon configuration of two operate efficiently in all this range. In the same
fuselages with no tail interconnections: is the way, little was said on civil applications, which
structure stiff enough ? what about the flying would probably raise problems of passenger
and handling qualities ? were the stability and transfer, weather comfort, traffic, etc.
manoeuvrability on the ground assessed ? one Questions focused on manoeuvrability, change
question tried to compare the structural weight in configuration, efficiency, rough sea, etc.
with Voyager's one, but this comparison is Apparently much research and study remains to
biased because of the different load factors, be done before any development coitld be
safety coefficients, etc. launched.

Paper 2 is a similar parametric study. It reviews Paper 5 was a last minute offer to replace a can-
all kinds of missions that a HALE-UMA (read: celled paper. It is an overview of a Symposium
High Altitude Long Endurance - UnManned held in Strasbourg, France, on "the Future of
Aircraft) can fulfill, in the civil and military Large Capacity Multipurpose Aircargo Fleets",
areas, in some cases as a complement of satellite with the participation of Eastern and Western
and aircraft surveys. Though a drawing of the Countries. It emphasizes the importance of long
vehicle is displayed, the study does not seem to haul in the civil cargo traffic (5,000 km on
have got into detailed design, as far as structure average). It is also the opportunity to recall the
and systems are concerned. A review of the impressive airlift operation of Desert Shield/
possible propulsion systems resulted in the Desert Storm, a precious indication on future
choice of 2 supercharged reciprocating engines, needs in airlift fleets.
allowing a symmetrical one engine operation at A large array of super-airlifters was displayed.
low weight. But comparing the powerplant with As a complement, two films were presented:
that of paper 1, one finds a much better weight one about two very long range Russian airlifters
coefficient, in spite of a more ambitious cruise and the other on the Airbus Super Transporter
altitude (82,000 ft in place of 65,000ft) which (AST), derived from a standard long range Air-
would probably require a more sophisticated bus A300-600 with an enlarged fuselage dia-
supercharger and heat-exchanger system. meter to carry oversized cargo.

Paper 3 is in the very opposite corner of the Paper 6 deals with design and manufacture.
picture: it speaks of supersonic transport and Indeed, with composite structures, design and
Concorde is used as a reference throughout the manufacture are tightly integrated as this paper
lecture. A traffic survey, primarily on maritime will show. Composite is a way to save struc-
airways requires a minimum range of 6,000 kIn tural weight dramatically (15 to 20%) for the
(approx. 3,250 nm), for which Concorde is benefit of fuel load, if production is not too
short-legged. The market survey for a super- expensive. It is not the case for large complex
sonic transport with enough range seems opti- parts, for which, until now, prepreg fiber tapes
mistic but could well depend upon the World had to be laid by hand. A new process has
economics situation. A complete review of the succeeded in laying tapes on complex parts,
main features (aeodynamics, structure, propul- automatically and along optimized orientations.
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Compared production rates are very spectacular. . air refuelling (yet to be flight tested).
0.3 kg/h by hand vs 9 kg/h with this process. For the time being, military customers are the
The interest raised was reflected in the number Royal Navy and the Canadian Navy. It is worth
of questions about the present limits of the mentioning that blades are foldable for carrier
process, which is still in development for underdeck storage.
improvement:
- does it apply to deformable parts or to vibra- Paper 10 is another aircraft description. Still a
ting parts ? the answer is yes; paper project, Eurofar is a tilt rotor aircraft. The
- now is delamination taken into account ? by formula adds to the helicopter capabilities the
empirical formulas, since the phenomenon is extended range and speed of an airplane. Unlike
still not well known; but, in other respects, helicopters, transition allows keeping the cabin
buckling was already implemented. floor level. A very vivid presentation followed
This contribution of the SMP was very much by a lot of questions:
appreciated. . rolling take-off ? yes, like helicopters ( 50 m),

why are the engines not tilted ? for better
Paper 7 is also an interesting contribution from ground margin, better IR cancellation in military
another panel (FDP). Turbulent flow generates operation and better turbine burst containment
more drag than laminar flow; thence the interest for civil airworthiness,
to shift the transition as far downstream as . autorotation ? less efficient than on an heli-
possible. On a given airfoil, a theoretical ana- copter, due to the high disk loading and to the
lysis (with many formulae!) allows one to wing screen,
assess to what extent the natural laminar flow . noise in the cabin ? better than in some turbo-
could be maintained. This is markedly confir- prop aircraft: the propellers are far enough from
med by windtunnel tests and flight tests. the fuselage and their cruise rpm is 20% less
However, for wing sweep angles higher than than at take off, thus avoiding any sonic effect
300, in order to extend the laminar flow as far at the blade tips.
downstream as possible, it is necessary to add a
suction device, which needs a negligible amount 5.3 Propulsion System Concern for
of bleed air from the engines. In addition, the Long Range and Long Endurance
leading edge must be kept very clean and a Operations
decontamination (liquid oozing) device must be
installed. A first estimate gives a 15% fuel sa- This session, prepared in cooperation with the
ving for a fully equipped airplane. To conclude PEP, has the same diversity as the previous
this very clear and methodic lecture, it was indi- one: two papers tell mainly of transport
cated that the prospect was promising enough to airplanes, the other two of HALE aircraft.
plan equipping a new corporate airplane.

Paper 11 deals with civil transport aircraft
Paper 8 is an interesting demonstration of an (though it applies to other categories as well). In
original use of airplane's flight characteristics. It this domain, harsh competition leads to various
could be summarized as endurance maxima- airplane types being very close to each other, as
lization through "relaxed" (saw-toothed) altitude far as performance and direct operating costs are
profile. The secret is to use the powerplant in its concerned. Therefore, any design solution or
better efficiency part of the flight envelope (low detail adjustment that may result in an even
speed) to gain altitude and then "sail" down at small improvement in drag or in better ride
idle with flaps extended in optimal position. comfort is valued, if the corresponding
This very clever flight profile raises but one development and production cost is affordable.
question: what for 7 It is hard to imagine civil In addition, the CFD (Computational Fluid
airplanes using such flight plans and still harder Dynamics) has reached such a quality in
to see combat aircraft missions adapted to this simulating airplane aerodynamics that it can
profile, except perhaps for recovery in case of now tackle the problem of airflow over large
fuel shortage, though it was not indicated whe- and complex parts (if not the whole) of a big
ther the range was also improved, airplane at the project level, allowing to adjust

and compare various solutions before detailed
Paper 9 is the mere description of a helicopter, design is launched and without time and cost
the 3 engined EH 101, where the Author put expenses in windtunnel tests. Even if these
emphasis on its long range capabilities: goals were not much emphasized in the lecture,

possible flight on 2 engines only, particularily for the purpose of range impro-
all-weather equipment, vement, this is the target of the three examples
ergonomy (low vibration level), which are very clearly presented in this paper.
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It is more convenient to follow up with Paper many engineers in the floor, it was the first
13, written in the same spirit, but from the opportunity to hear of new matters they would
engine manufacturer's point of view. The have to take into consideration in the future, in
Author has elected not to speak about the opti- the conception and design of manned aircraft.
mal thermodynamic cycles and other theoretical
ways to perform long range, but to tell of some Paper 15 reviews the various types of fatigue
aspects of the design know-how that allows and describes the main causes of fatigue for the
these performance to be constant and reliable, long range crew members, after a survey on
showing at the same time some of the key transport airplane pilots. In the characteristics of
points in the architecture of modern large the cockpit atmosphere, it is noteworthy that
turbofans and confirming that experience and relative humidity is very low, lower than in
common sense are still good arguments. many deserts. Heavy workload is a source of
He explained what seems to be a contradiction, fatigue, but lack of workload (during long haul
for these sophisticated engines, between a flights) may impair alertness. Night flight,
search for longer life cycles and shorter times ozone concentration, noise, mild hypoxia, etc
between inspection. For the combat aircraft, he were also examined, as well as jet lag, which
also pointed out how much the enginc hot part creates difficulties for the crews to get asleep
life was depending on the high power setting during layovers. Displayed charts raised some
time in a mission, rather than on range. surprise and concern: among the sleeping aids,
He ended up with some hints on the "special alcohol is by far the most used.
vehicles" (very high speed ones) for which In the conclusions, not only does the Author re-
cooling is a very challenging problem. commend the flight planning staffs to taie the

various causes of fatigue into consideration, but
We now come back to two HALE papers. Paper he also advises the individual pilots to plan their
12 is a comprehensive overview of all the rest times according to their own capabilities.
possible solutions to power such vehicles, for
which altitude and loiter time are selection key Paper 16 completes the preceeding one by a
parameters. For the time being, the turbochar- survey of the regulations of various airworthi-
ged reciprocating engine is the most efficient, ness Authorities on flight time limitation with
the performance of the turbocharger-heat ex- two pilots crews and augmented crews. In addi-
changer system becoming determinant as alti- tion, an investigation was conducted on true
tude increases. But the Author leaves the choice airline flights, aiming East or West, with qua-
open, depending on the mission. litative questionnaires to the pilots. The results
As for fuel cells, they are very promising, but are: fatigue is mainly influenced "by the dura-
are prone to stay promising still for some time. tion of wake time since the last sleep" so that the

flight time is not so determinapt as is a combi-
Paper 14 seems an application exercise of Paper nation of time "on duty" + night flight + jet lag
12. The powerplant described is intended for a + accumulation. Thence, conclusions are not
high altitude research airplane (up to 24,000 m / very different from those of the previous paper:.
79,000 ft) where turbocharging is a challen- prevent excessive duty time and provide for
ging problem. The chosen concept is truly origi- adequate rest periods and sleep patterns. It
nal, promising and probably not too expensive, points out the benefit of small naps.
The design is described with many details.
Indeed one would have traded off some of them Paper 17 derives its findings from another live
for hints on systems necessary on a manned experience: American airlift crews during the
aircraft hydraulics, electricity and above all the Gulf War. These crews wo-ked in very poor
air-conditioning system, with its probable ad- conditions with inadequate, if any, resting or
verse effects on the powerplant efficiency. sleeping facilities. Due to the heavy transport
In answer to a question about pump cavitation, needs, an experiment was conducted with
tests were conducted down to 30mb without several of them to see whether it was possible to
any cavitation problem. extend the monthly flight time from 125h to

150h. The results were not those expected. First
5.4 The Human Factors Side of the the investigators pointed out the very adverse

Problem conditions of comfort, both in the airplanes and
on the ground. They confirm the benefit of naps

This easion, fulily prepared by the AMP, is and, above all, they concluded that the way
very consistent. The four Authors seem to be pilots spent the recent days (duty, flight, rest,
accustonW to work together and produced pa- sleep,...) was more important than the cumu-
pm quite complementary to one another. For lative flight time of the past month.
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The paper suggests to use the DFDR (Digital 5.5 Air-to-Air Refuelling
Right Data Recorder) to try to establish a cor-
relation between pilot's log and abnormal This session is the one which best fits with the
behaviour (on an anonymous basis, of course). original Pilot Paper. It is military and consistent
A way to answer the remark from the Author to by nature. Of the eight papers, only one does
introduce his lecture: when an aircraft crashes not deal with AAR, though its matter still
for structural failure, many investigations and concerns additional fuel (it replaces a cancelled
researches are conducted; if it is for human paper on AAR).
failure, nothing is doac. Nothing new in the systems themselves, except

for some details, but emphasis was on operation
Last of the session, Paper 18 describes the with recent conflict experience. With the Gulf
study of two main causes of fatigue: jet lag and War, NATO Countries became aware of some
sleep deprivation, through the use of a test weaknesses in their refuelling capabilities (al-
battery which mesures psychomotric reactions. ready slightly apparent at the Lisbon Sym-
These tests have permitted to define a day posium in May 1990 "Progress in Military
pattern of better sleeping efficiency and Airlift") and of interoperability problems
confirmed the benefit of naps. But, still more between the different Air Forces.
important, it was used to assess the effects of
various means to combat fatigue, with emphasis Paper 19 deals with the development of a dedi-
on drugs, specially one which seems to have no cated external fuel tank (EFT) which extends
adverse side effects. However, its use is considerably the range of the combat aircraft
recommanded for urgent cases in exceptional concerned, compared to the existing standard
military operations only and, by no means, by EFT. The paper gives an idea of the important
civil aircrews. flight test programme necessary to qualify the

aircraft equipped with this new EFT, principally
This remarkable session was concluded by an in combination with other external stores which
interesting round-table with the four Authors can raise surprises, mainly in flight dynamics
discussing on the following subject: and flutter.

"Should the operations be adapted to crew ca-
pacities, or capacities adapted to operations ?" Paper 20 tells of the development of the flight

refuelling of a new combat aircraft for the
Whenever it is possible the first part of the French Air Force. It makes obvious the liffe-
alternative is recommended. The Authors were rences that can occur in operation be ind
unanimous to insist that use of drugs to adapt different tankers: behind a KC 135 equi ,)ed
the crew capacities to operations should be with BDA (Boom-Drogue Adapter), , sy
strictly limited to urgent military cases. Ethics approach, touchy fuelling position holdi g;
forbid using such means to make champions or behind a Navy combat / tanker aircraft: tric :y
robots. approach (basket whirling in the engine wak(.'.
Prom the floor, a question asked whether, in easy holding. However the outstanding,
war time, a specific medication could facilitate handling qualities of the aircraft facilitates the
the adaptation of combat pilots to the fighting manoeuver. With the quick engine response to
environment Apparently no study had been throttle movement, pilots prefer docking with
done on that subject and the Authors could give throttle than with airbrakes.
no answer. The lecture was completed by a very good film
For the civil aircrews at layovers, in addition to which showed clearly the various phases of the
jet-lag, they are confronted with difficulties to manoeuvers from different sight points (receiver
sleep during local activity hours. Moreover, and side aircraft).
mainly among young crew members layover
time may be a bit heavy loaded. In these cases, It is convenient to review both Papers 21 and 24
soft methods are recommanded: education, a together. They were presented by the same
hY•ienic way of life, some physical activity cooperating teams and deal with tightly connec-

if possible the days before flight, a ted subjects.
Pog esive adaptation to the local time to come. The first Paper draws from the Gulf War
Another question asked whether physical fitness experience to devise specifications for a future
would impiove the capacities in the cocpit ? tanker and indications on the operation of a
This problem is on the agenda of the working future tanker fleet (During "Desert Storm%,
gmrup, but it does not seem that the lack of more tankers would have been welcome!).
physical fitness impairs these capacities (neither Emphasis was put on timing and interopembility
does smokingl). which was seriously impaired in Desert Storm
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by the lack of compatibility between the 'Boom For every candidate airplane, an assessment is
and Receptacle System" on the one side and the conducted of the necessary enhancements, to be
'Probe and Drogue system" on the other side, injected in the life cycle cost process.
even if the BDA has slightly improved the situ- The paper ends with an interesting review of
ation. The development of multipoint tankers is technology requirements, where, for the first
recommanded to improve flexibility, inter- time in this symposium, one learns of a tentative
operability and rapidity of operations. enhanced automatization of air refuelling:
The second paper gets into more details of the - automatic rendez-vous,
refuelling operations to compare both systems - automatic hook-up,
and see how they could be best used in - higher transfer rates, etc.
coordination, assuming a multipoint tanker is
developed. As regards this matter a review is Paper 25 tells how the Royal Netherlands Air
made among the existing or future civil air- Force selected two DC-10 as tankers. Those
planes or military airlifters, derivatives of which aircraft would have a peace time duty- to reduce
could be the successors to the KC-135. noise around air bases in Netherlands, the
A question was raised about the compared fighter aircraft have to practice over the North
safety and reliability of both systems. The ans- Sea and therefore have to be air refuelled.
wer (given by a boom user) is that the boom Among the requirements, the candidates should
and receptacle system seems to have better be used aircraft, proven tankers and capable of
ratings. It is probably the result of a longer and being used as airlifters, the whole at least cost.
wider experience. The modification definition was that of existing
It is curious to notice that an assumption is KC-10, except for the rear operator's station,
made implicitly: a complete air superiority. It found too expensive because of the structural
was true in the Gulf War, but in case it were modifications; it would be replaced by a palle-
not, it would probabty need changing operation tized "Remote Air Refuelling Operator" station,
strategy ( scattering or concentrating ?) and in in front of the cabin, with video control. This
any case it would still more favor the fastest solution is claimed as being already used on a
refuelling solution. B-707, but one may wonder whether its deve-

lopment, for two DC-10 airplanes only, would
The Author of Paper 22, a member of the US not cost more than the standard version.
Navy, is on the hose-drogue side. The Navy Many questions were raised, among which:
has the only aucraft type capable of both means - accuracy of remote 3D viewing ? claimed as
of refuelling in the same flight (though not at the precise as direct view,
same time): the KC-10. The paper starts with a - night operation ? was already experienced
review of the various airplanes used for refuel- (elsewhere), so there is good confidence; if ne-
ling by the US Navy and Marine Corps and cessary, provision is made for IR lighting,
recalls the improvements brought to both sys- - are two KC-10 not too much an AR capacity
tems: BDA (Boom Drogue Adapter), wing for the RNLAF ? agreements were already taken
pods, lengthened hose, variable geometry dro- with other NATO Nations; moreover, so many
gue (to adjust drag to the refuelling speed, for other missions have already been planned that
instance for helicopter purpose). But the main the Author wonders whether time will be left for
subject of the paper deals with flight dynamics the refuelling missions !!!
related to the wing pods. The airflow behind the
wing pod, where the receiver is flying, is In the last Paper 26, the Author describes the
asymmetrical and conditions could be critical for rather different solution elected by the Royal
the latter. So, before launching a multipoint Canadian Air Force. Five C-130 H from the air-
tanker programme, a detailed flight investigation lift fleet are being converted for air refuelling
was decided, the results of which are displayed capability. They are fitted with two wing pods
in very dear diagrams in the paper. (hose drogue system). The cabin conversion
A good review of the state of the art. from tanker to airlifter configuration takes 4 h.

The main tanker task is to refuel two types of
Paper 23 presents a very methodic and logical combat aircraft, and this is the challenge,
process to define a future tanker fleet because of the compared flight envelopes.
- review of mission needs, Flight tests already conducted have defined the

amdae arpans refuelling flight envelopes, which are not very
f large, cially with one of the fighters. Once

-meaew of - Moagain, stability of the drogue basket is found
d-y missie n cae abliftes, a problem.

-flees sirsai s if w ye cost evaluation Further flight tests are being conducted.


